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Abstract 
This work presents the design of a novel co-planar type microwave sensor which has been designed with biomedical 
applications in mind.  The work considers the sensitivity of the sensor to glucose dilutions, and reports a calibration 
curve to demonstrate this sensitivity.  The work shows great promise, and further work in this area to be completed is 
also discussed. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
There is a great desire for tools which assist medical practitioners at point of care to give rapid 
diagnosis of in regard of patient well-being.  Previous work [1, 2] with surgeons at local National Health 
Service (NHS) hospitals has indicated that there is a need for simple but rapid sensing techniques which 
can be used during surgical procedures to detect parameters in a variety of patient bodily fluids.  Unlike 
many alternative sensing techniques, microwave technology offers the potential for low-cost and low-
power sensing capability; the aim of this work is to eventually encapsulate this potential in a small hand-
held or desktop diagnostic tool for rapid in-situ analysis. 
Human bodily fluids (e.g. blood, spinal fluid and urine) contain a complex combination of 
compounds including water, glucose, salts, lactate, etc.  This represents a challenging combination of 
materials for analysis and leads to an extensive time lapse between sample acquisition and associated 
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diagnosis.  Optical techniques [1-3] are commonly employed for biomedical applications to assist when 
time is a critical factor.  However these methods can be bulky and expensive to implement and it is often 
there is still the requirement for an experienced operator to take time to consider the meaning of results 
obtained.  Obviously this is inappropriate during a surgical procedure as time is often critical from the 
perspectives of patient wellbeing and hospital efficiency.  
Microwave sensing is a developing technology which has shown vast potential in a number of 
industrial and medical areas [4-6].  This is a result of the technique being robust, requiring low power and 
having good depth of penetration in respect of analyte materials.  Also, of particular interest in medical 
application is the non-ionising nature of microwave radiation which practitioners see as a significant 
benefit over existing technologies, namely x-ray imaging.  As a continuation of previous work [7, 8] this 
paper introduces a novel co-planar sensor design which can be placed in-line with a system designed to 
draw bodily fluid.  This paper briefly reports on the design of the sensor and discusses a calibration curve 
determined through experimental measurement. 
2. Co-Planar Sensor 
The sensor used in this work is based upon a co-planar waveguide (CPW) design.  This design was 
chosen particularly since such devices are known to be resistant to losses and interferences induced from 
external sources, and thus offer a great deal of control in relation to how the sensor responds to analyte 
materials.  In particular, the sensor is constructed to ensure that only a certain area is sensitive to 
dielectric change, which enhances significantly its robustness for potential real world use.  The design of 
the sensor is shown in Fig 1 (a); the sensor has a footprint of approximately 80mm2.  In order to further 
focus the electromagnetic field, a stub tuning system is used directly above the discontinuity highlighted 
in Fig 1(a). 
(a) (b) 
Fig 1. Illustrating 3D software models of the co-planar sensor design showing (a) the sensor printed circuit board 
layout and (b) the electric vector field plot, showing maximum field around the embedded discontinuity.  Note that a 
pipe is shown in (b), which is included to allow modelling of how dielectric change affects the sensor response. 
Discontinuity 
for enhanced 
field density 
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3. Experimental Procedure 
The experimental procedure was devised to prove the ability of the sensor to detect varying 
concentrations of analyte material.  Of particular interest in this work was relatively small quantities of 
analyte to give a reasonable representation of the real world. 
The experimental setup for the experimental work is shown in Figure 2.  The sensor was connected to 
a Rohde and Schwarz ZVL6 Vector Network Analyser (VNA) using a 2-port configuration.  S-parameter 
measurements were taken, in particular S11 and S21 measurements which represent the magnitude of 
power reflected from the sensor and transmitted through it, respectively.  Data was collected 
automatically using a bespoke software application, which was also responsible for the control of the stub 
tuning system.  This system allowed the calibration of the sensor when deionised water was pumped 
through the system such that subsequent measurements could be compared against some known baseline. 
(a) (b) (c) 
Fig 2. Experimental setup used for measurements with (a) showing the entire experimental setup, (b) the sensor and 
stub tuning motor control and (c) the sensor outside of its enclosure. 
The sensor had a PMMA (polymethyl methacrylate) tube secured across the centre of the ring 
section, placed so as to interact with the ring discontinuity visible in Fig 1(a).  The tube had an outer 
radius of 2.75 mm and internal radius of 1.75 mm.  The tubing was attached to a pumping system, 
designed to draw analyte material from a controlled vessel, past the sensor and then to a waste receptor.  
A circulating system was not used so as to prevent potential contamination of the analyte material.  
Between measurements, the system was flushed with de-ionised water.  Prior to exposure to the sensor, 
the analyte material was heated to approximately 37°C to approximate human body temperature. 
The analyte material used for experimental work was a glucose solution, prepared in 1M quantities 
and diluted in deionised water as appropriate using a Perkin Elmer Series 200 pump.  Interest lay 
primarily in small quantities of glucose, so for the purposes of this work the sensor was tested with 0 – 
10% concentrations in 2% intervals.   
4. Results 
Fig 3 shows results obtained from the sensor for 0-10% concentrations of glucose.  The sensor shows 
a good response in this range, with reduced signal attenuation with increasing glucose concentration.  The 
sensor response appears linear in the range of 2-4%, and further work would be required to determine 
whether there is a usable linear relationship in the 0-2% range.  The sensor shows good repeatability as a 
consequence of the automated tuning system; calibration using this system reduces the impact of external 
factors such as changing temperature. 
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5. Conclusion 
This paper reports on the implementation of a novel co-planar microwave sensor with possible 
application in biomedical situations where the sensor could be placed in-line with tubes used to pump 
materials of interest.  On-going work [7, 8] considers the usefulness of the sensor for monitoring whole 
blood in addition to other bodily fluids such as cerebrospinal fluid.  Furthermore, the sensor could find 
application in other areas, where real-time non-contact sensing of some analyte could be beneficial to 
improve process yields or general efficiency.  The work thus far has shown considerable promise 
however, and has resulted in an international patent [9] being recently granted.  
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(a) (b) 
Fig 3. Results showing (a) the captured spectrum between 3610 and 3630 MHz, and (b) the resulting attenuation 
linked calibration curve.
